We describe the first new rodent species from Solomon Islands in more than 80 years. This new giant rat is known from a single specimen captured in a commercially felled Dillenia salomonensis tree on Vangunu Island. Morphologically, it closely resembles a fascinating secondary radiation of 3 species of Uromys (Cyromys) that are endemic to Guadalcanal Island. The cranium can be readily distinguished from those of other species of Uromys by its shorter maxillary tooth row, and shorter incisive foramina. The existence of this species has been suspected for over 2 decades. It is rare and cryptic, and conservation status is Critically Endangered due to its small distributional range, apparent low population densities, and rapid progress of commercial logging on Vangunu Island. Further surveys to locate additional animals and support for community led conservation initiatives on Vangunu are urgently needed to safeguard the species.
Islands comprise only 3.6% of global land area and yet they are centers of endemism, hosting over 15% of the world's flowering plants, birds, and land snails (Whittaker 1998; Kier et al. 2009 ). Rodents are successful over-water dispersers and similarly contribute to endemism of insular faunas worldwide (Amori et al. 2008) . However, there remains a relative paucity of information on insular rodent systematics, species distributions, and conservation statuses compared to other taxa (Amori et al. 2008) . New rodent species are regularly discovered from islands (e.g., Maryanto et al. 2010; Esselstyn et al. 2012; Rowe et al. 2014; Esselstyn et al. 2015; Heaney et al. 2016; Rowe et al. 2016; Timm et al. 2016 ) and this wealth of global mammalian diversity can also be vulnerable to human-driven extinctions (Alcover et al. 1998; Sadler 1999) . Therefore, documenting and protecting insular rodents is an important endeavor for preventing further losses of global mammalian biodiversity.
The Solomon Islands archipelago (including Bougainville and Buka Islands) supports remarkable mammalian diversity and endemism (Flannery 1995b; Lavery et al. 2016) . This is a result of close proximity to New Guinea (permitting repeated colonization), low extinction rates (promoted by large island areas and limited disturbance), intra-archipelago speciation (promoted by the presence of numerous large islands), and the antiquity of mammal occupation of the archipelago (Flannery 1995b) . Murine rodents are the only mammals other than bats known to have naturally dispersed across the oceanic divides between the Louisiade and Bismarck archipelagos, and Solomon Islands (Lavery et al. 2016) . They are represented by 3 genera: Melomys, Solomys, and Uromys. Each of the 8 species documented in modern times is endemic to a single island, or island groups formerly interconnected at lower sea levels (Flannery and Wickler 1990; Flannery 1995b; Lavery 2013; Lavery et al. 2016) . All Solomon Islands murids are cryptic, rarely encountered, and poorly represented in museum collections.
Among the more fascinating groups of species is a small secondary radiation of species in the genus Uromys on Guadalcanal Island. Uromys imperator, U. porculus, and U. rex each were described from specimens collected by Charles Morris Woodford on Guadalcanal between 1886 and 1888 (Woodford 1890). Two of these (U. imperator and U. porculus) have not since been documented, and may have been driven to extinction by feral cats (Flannery 1991; T. H. Lavery, pers. obs.) . Their isolation on Guadalcanal, over 900 km from their nearest congeners, is peculiar (Flannery 1991 (Flannery , 2012 . Intervening islands to the northwest (Santa Isabel, Choiseul, Bougainville, and Buka) are occupied by species of Solomys and Melomys. However, further east, the Western Province remained vacant with no known rodent fauna. This is despite the presence of a cluster of sizeable islands (Vangunu, New Georgia, Kolombangara, and Vella Lavella) and local knowledge of the existence of native rats (Hviding 2005) . Here, we describe a new species of giant rat collected from Vangunu, in the New Georgia group of islands and provide the first phylogenetic placement of a Solomon Islands Uromys within a wider phylogeny using published sequences of Australian and Melanesian Melomys, Paramelomys, Solomys, and Uromys.
Materials and Methods
We compared the cranial and dental morphology, and molecular sequences of the Vangunu Uromys with Melomys, Solomys, and Uromys rodents from the East Melanesian Islands. Taxonomic assessment was aided by several reviews of Melanesian rodents and molecular genetic studies (Thomas 1922; Tate 1951; Laurie and Hill 1954; Breed and Aplin 1994; Groves and Flannery 1994; Rowe et al. 2008; Bryant et al. 2011 (Groves and Flannery 1994) .
We compared the cranial morphology of the new specimen of giant rat from Vangunu Island, Solomon Islands (Fig. 1) , with specimens, photographs, and species descriptions of mosaic-tailed rats from Northern Melanesia-Melomys bougainville (Troughton 1936a) , Solomys ponceleti (Troughton 1935) , Solomys salamonis (Ramsay 1883) , Solomys salebrosus (Troughton 1936a) , Solomys sapientis (Thomas 1902) , Uromys imperator (Thomas 1888) , Uromys neobritannicus (Tate and Archbold 1935) , Uromys porculus (Thomas 1904) , and Uromys rex (Thomas 1888) . Handling of live mammals was in accordance with guidelines of the American Society of Mammalogists (Sikes et al. 2016 Morphological techniques.-Craniodental measurements, unless otherwise specified, were made by THL using handheld calipers to the nearest 0.01 mm. Where applicable, measurements of length followed methods described by Thomas (1905) and Musser and Heaney (1992) . All measurements were recorded in millimeters as follows: greatest skull length; basilar length from the anterior edge of the foramen magnum to the back of alveolus of either of the median incisors; brain case breadth; brain case height; rostrum length; rostrum breadth; nasal length; nasal width; bulla width; interparietal anteroposterior depth; interparietal breadth; palate length from posterior midpoint of palate to anterior midpoint of premaxillae; post-palate length; upper diastema length; incisive foramina length; upper maxillary tooth row length; greatest zygomatic breadth; interorbital breadth; condylobasal length; length of M 1 , M 2 , and M 3 ; width of M 1 ; breadth of m 1 , m 2 , and m 3 ; m 1 -m 3 crown length; lower incisor breadth; and lower incisor depth. Individuals with fully fused cranial and long bone sutures were classified as adults and individuals that possessed open sutures on the cranium or long bones and modest molar wear were classified as subadults. Color nomenclature used in description of dorsal hair collected with the holotype pelage description follows (Ridgway 1912) and terminology for dental anatomy follows (Musser and Heaney 1992) . Components featured in principal component analyses in this paper are extracted from a covariance matrix of log-transformed craniodental variables.
Morphological characteristics of guard hair cuticular scales can be used to differentiate mammal species (Teerink 1991) . We examined cuticular scale structures of guard hairs collected from the holotype and compared them with samples obtained from AM specimens of S. salebrosus, S. sapientis, and U. rex.
Guard hair casts were prepared for 5 hairs of each species on microscopic slides using nail polish. Cuticular scales were classified according to terminology in Teerink (1991) .
Isolation of total genomic DNA from bone was conducted at the Australian Centre for Ancient DNA, University of Adelaide, South Australia. DNA extraction was performed using the methods described in Macqueen et al. (2010) , employing strict protocols to limit cross-contamination of samples. We then amplified 540 base pairs (bp) of the mitochondrial 16S rRNA gene using primers 16AR and 16BR (Palumbi et al. 1991) , and 400 bp of intron 2 in the nuclear gene AP5 (acid phosphatase type V) using primers AP5 120F and AP5 564R (DeBry and Seshadri 2001) . Polymerase chain reactions (PCRs) were performed in a 10 µl total volume containing: 0.2 mM of each primer, 0.1 mM of deoxyribonucleotides (dNTPs), 5 units of HotStarTaq DNA polymerase (Qiagen, Germantown, Maryland), and 2.5 mM of magnesium chloride (MgCl 2 ) in 1× Buffer (Qiagen). PCR cycle protocols followed methods described by (Bryant et al. 2011) . PCR products were precipitated using a standard ethanol/EDTA protocol and sequenced on Applied Biosystems 3730 (Applied Biosystems, Foster City, California) and 3730xl capillary sequencers at the Australian Genome Research Facility (AGRF) laboratory at the University of Queensland, St Lucia campus. Chromatograms were assessed using ChromasPro version 2.33 (Technelysium Pty Ltd., Tewantin, Australia). Sequencing of the AP5 gene segment for Uromys vika revealed an indel that produced chromatogram traces containing 2 strong peaks for each position upstream, making their interpretation difficult. Methods to verify indels (e.g., cloning) were unavailable, hence 95 bp that could be clearly identified from the chromatogram were used. Sequences were aligned using the multiple alignment algorithm implemented in MEGA version 5.05 (Tamura et al. 2011) and further checked by eye. Heterozygous base positions in the nuclear data sets were coded as "uncertainty" rather than "polymorphism." Sequences were deposited in GenBank.
We used jModelTest version 1 (Posada 2008) to determine the best available evolutionary models of nucleotide substitution for use in Bayesian inference and maximum likelihood analysis. We determined the best available models by using the Akaike Information Criterion (AIC-Akaike 1973). Corrected and uncorrected genetic distances were calculated in PAUP* version 4.0b10 (Swofford 2000) ; corrected genetic distances were estimated using maximum likelihood settings and parameters from jModelTest. We tested for congruence between data sets using the partition homogeneity test in PAUP* (Farris et al. 1994 (Farris et al. , 1995 , excluded all uninformative characters, and ran a 100 replicate heuristic search. There were no significant differences between data partitions (P = 0.96), so Bayesian and maximum likelihood analyses were performed on concatenated data sets.
Bayesian inference was implemented in MrBayes version 3.1.2 (Ronquist and Huelsenbeck 2003) . We partitioned the model according to the parameters estimated in the jModelTest analysis. Bayesian analysis allowed 2 simultaneous independent runs of 4 chains (3 hot and 1 cold) to proceed for 5,000,000 generations, sampling trees every 1,000 generations. We excluded the first 25% of iterations as the burn-in time and combined the resulting trees in a majority-rule consensus tree to obtain posterior probabilities. Phylogenetic analysis using maximum likelihood was implemented in RAxML version 2.2.3 (Stamatakis 2006) . Likelihood searches used a heuristic search with 200 addition-sequences, tree-bisection-reconnection (TBR), and the evolutionary model estimated using jModelTest. Nodal support was estimated with 1,000 bootstrap replicates each with 1 addition-sequence replicate. Data SD1-SD4). The animal was caught exiting a felled tree and died shortly afterward. Without suitable chemicals available for specimen preservation, the animal was buried within a stone-lined tomb. After approximately 10 days, it was retrieved for transport to the Queensland Museum. During this period almost all soft tissues had decomposed. The holotype collection consists of the complete cranium and mandible, partial skeleton, hair, and soil surrounding the decomposing body. It is evidently a subadult as the cranial sutures are not fully fused, all teeth are fully erupted and molars are lightly worn. The specimen will be permanently curated at QM.
Type locality.-Vangunu Island, Solomon Islands (8°43′14.16″S 157°55′34.44″E) at 145 m above sea level (Fig. 1) . The holotype was collected from a kapuchu tree (Dillenia salomonensis) that was felled during commercial logging in lowland primary forest (Supplementary Data SD5) .
Etymology.-The specific name vika (pronounced "vicka") is based on the Vangunu language name for this rodent. We suggest Vangunu giant rat as an appropriate common name.
Nomenclatural statement.-A life science identifier (LSID) number was obtained for the new species (Uromys vika): urn:lsid:zoobank.org:pub:D272CE6B-6C26-4CC3-A002-67E7E8A900AA.
Distribution.-The range of U. vika is limited to Vangunu Island, Solomon Islands. The distribution may extend to other adjacent islands (New Georgia, Kolombangara, and Gatokae) that were interconnected with Vangunu during the Last Glacial Maximum (Lavery et al. 2016 ; Fig. 1) .
Diagnosis.-The new species is a large arboreal rodent. The greatly expanded anterolateral spine of bulla and lower incisors that are much deeper than they are wide are traits shared with all other species of Uromys (Groves and Flannery 1994). It shares additional cranial traits with species of Uromys (Cyromys) including: molar row relatively short; anterior lophid of m 1 distinct; molars complex, with individual cusps distinctly defined; anterior and ventral orbital walls slope away from center of orbitotemporal fossa, so that walls can be seen in dorsal view; the frontotemporal sutures markedly ridge-like; the coronal suture strongly convex backwards; ascending ramus flares laterally; palate not greatly thickened and is posteriorly broadened. Incisive foramina broadly arched and not anteriorly constricted as in Solomys.
Description and comparisons.-A principal component analysis utilizing 4 cranial variables (basilar skull length, zygomatic breadth, maxillary tooth row, and length of incisive foramina) for all 4 species of Uromys (subgenus Cyromys) and all 4 known species of Solomys segregates all 8 species into 2 well-separated groupings ( Fig. 5; Table 1 ). Uromys vika can be distinguished from other species in the subgenus Cyromys by the possession of a maxillary tooth row and incisive foramina that are extremely short relative to skull length and zygomatic plates that scarcely project (Figs. 3 and 4) . Uromys vika differs from northern Melanesian congeners (U. imperator, U. neobritannicus, U. porculus, and U. rex) in its proportionally shorter maxillary tooth row and incisive foramina. Uromys vika further differs from U. porculus in its absolutely broader skull and broader and shallower interparietal ( (Musser and Heaney 1992) , and approximately one-third as large as the central basin. In the mandible, m 1 contains 3 basins and a posterior cingulum. The anterior basin and posterior cingulum are approximately one-half the occlusal area of the 2nd and 3rd basins. The 2nd molar (m 2 ) contains 2 similarsized basins and a posterior cingulum. The lower 3rd molar (m 3 ) contains 2 basins. Enamel of the labial surfaces on both upper and lower incisors is pigmented orange.
Hair collected with the specimen confirms U. vika differs from U. imperator and U. rex by its dorsal brown rather than woolly gray pelage. Dorsal hairs are 16 mm in length, Colonial Buff at the base, Pale Neutral Gray in the middle, and Cinnamon Brown at the tip. Guard hairs reach approximately 18 mm in length. Proximal guard hair cuticle scales in both U. vika and U. rex consist of intermediate broad diamond petals, whereas those of S. salebrosus and S. sapientis are narrow diamond petals (Fig. 4) . Distally on guard hairs, cuticle scales from all 4 species consist of irregular waves with rippled margins. Distances between scale margins are closer in the 2 species of Uromys than in Solomys (Fig. 4) .
Skull length (50.3 mm) is comparable with S. salebrosus (47.9-53.2, n = 10; this study). We therefore suggest that adult body mass of U. vika is similar to this species (290-460 g-Flannery 1995b). Photographs in Supplementary Data SD3 document external attributes that could not be confirmed from specimen remains. Here, we provide descriptions of noteworthy characters conclusively identified in photographs, and include observations of less-certain characters (i.e., interpretation of colors) in Supplementary Data SD4. The mosaic tail is almost entirely hairless, and consists of scales with a minute central prominence surrounded by large fleshy areas. Scales are arranged in rings, being offset into an intermediate position between scales in adjacent rings ( Fig. 2; Supplementary Data SD3) . Hindfoot broad, dorsal surface sparsely furred, claws on both the manus and pes robust, strongly curved. Plantar pads prominent, broad and clearly separated. Four interdigital pads and hypothenar pad similar in size. Thenar pad elongated, curved and clearly separated from the first interdigital pad. A tarsal pad, similar in size to hypothenar and interdigitals is present on the lateral heel of the hindfoot, isolated from the hypothenar pad ( Fig. 2 ; Supplementary Data SD3).
Molecular genetics.-Concatenation of the mitochondrial 16S gene and nuclear intron 2 of AP5 produced an alignment consisting of 556 bp that were combined with published sequences for 41 Australo-Papuan murids (Bryant et al. 2011) . Bayesian and maximum likelihood analyses confirmed the identity of the specimen as Uromys and affirm its genetic distinction from other Australo-Papuan murids. Bayesian analysis placed U. vika within a monophyletic Uromys clade. Maximum likelihood analysis produced a topology in which Uromys was polyphletic and placed U. vika with U. hadrourus (Fig. 7) . Corrected sequence divergence estimates between U. vika and other Australo-Papuan murids were high (over 6% divergence from congeners; Supplementary Data SD6).
Ecology and conservation status.-The known distribution of U. vika is limited to Vangunu, an island 544 km 2 in size. Two other individuals have been observed in the area from which this specimen was collected. The tail was injured during capture, and conclusions about its normal length cannot be reliably drawn. Given the specimen's arboreal habits (H. Judge, pers. obs.) and wide hindfeet with prominent plantar pads and strongly curved claws, tail length was likely greater than or at least equal to body length. All observed individuals emerged from felled kapuchu trees (D. salomonensis) that are common within and restricted to intact lowland rain forests (Whitmore 1969; Supplementary Data SD5) . The species builds nests within the epiphytic ferns common in these trees, but can also be found nesting within tree hollows. We consider it likely that this species is limited to lowland primary forests, which on Vangunu extend to an elevation of approximately 400 m above sea level (M. Sirikolo, Solomon Islands Ministry of Forests and Research, pers. comm.).
Commercial logging operations have ravaged much of Vangunu's forests and D. salomonensis is a species highly sought after for its timber. The most sizeable tract of primary forest remaining on Vangunu now lies between Tinge and Oloana villages on the southwest weather coast (including Zaira Village and the Vangunu Caldera; Fig. 1 ). Other small areas of primary forest occur in the west (Vivila, north of Mbopo Village), north (south of Chea Village), and east (close to Batuna Village). These regions comprise a total area no larger than 81 km 2 . Landowners of 3 tribal areas in the Vangunu Caldera (Zaira Community Resource Management Area-ZCRMA) express desire for long-term conservation against logging. However, timber rights are actively being sought by an external party to log part of ZCRMA; unless alternatives are provided, remaining areas of Vangunu primary forest will be logged in the very near future. Given that the known extent of occurrence for this species is estimated to be less than 100 km 2 , it is known to exist at only a single locality, and there is a continuing decline in the extent, area, and quality of its habitat, we suggest the IUCN Red List category of Critically Endangered (CR-B1ab(iii)) is appropriate (IUCN 2012) .
discussion
Uromys vika is the first Solomon Islands rodent described in over 80 years. Nevertheless, for decades researchers have suspected this species existed in the New Georgia group of islands. Hviding (2005) documented traditional knowledge of U. vika in his environmental encyclopedia of Marovo Lagoon (originally published in 1995). The account given described U. vika as "a very big rat that eats coconuts. It is abundant on old plantation islands, such as Mahoro [a small island to north west of Vangunu]" (Fig. 1) . During Australian Museum expeditions to Vangunu in 1992, mammalogists similarly documented this traditional knowledge (D. Fisher, The University of Queensland, pers. comm.). According to a local informant, the species ate green coconuts and was then common on Boluchupa, a small island situated to the west of Vangunu (Fig. 1) .
THL learned of this species on Vangunu during field surveys in January 2010. In the period since, we have undertaken extensive targeted surveys using rodent traps, only rodent species we have detected in our surveys have been Rattus exulans and R. rattus. The sustained efforts required to document this species reflect the trying field conditions in Solomon Islands, and the challenges of capturing arboreal rodents, especially in complex tropical forests. However, they undoubtedly also signify the rarity of U. vika. All Solomon Islands rodents are uncommon, none being represented by more than 15 specimens in museum collections (Flannery and Wickler 1990) .
Interpreting the rodent species described by Vangunu residents has been difficult. People readily discern the terrestrial Pacific rat (R. exulans) from Solomon Islands natives. Rattus exulans has been present in Solomon Islands for between 2,000 and 6,000 years (Flannery and Wickler 1990) and is recognized in Marovo and Vangunu languages by the name kutu (Hviding 2005) . However, discrimination between the more recently introduced arboreal black rats (Rattus rattus) and native rodents can seem less certain, especially among younger generations. Older men (above 60 years) at Zaira Village confidently identified the holotype specimen as vika (S. Albert, The University of Queensland, pers. comm.). However, for the majority of younger people, the holotype was their first encounter with vika.
On Vangunu, we have observed Canarium indicum and C. salomonense nuts with holes gnawed in them by rodents. Flannery (1991) questioned whether similar observations on Guadalcanal were signs of native murids or exotic R. exulans or R. rattus. Early accounts of the feeding ecology of S. sapientis referred to ngali nuts being cracked (Troughton 1936a (Troughton , 1936b . Similarly, Ivens (1927) refers to an unidentified species of giant rat on Malaita cracking Canarium nuts and indicated nuts with round holes gnawed in them were also attributed to this unidentified species. Data collected by THL on Bougainville, Choiseul, Guadalcanal, Kolombangara, Makira, Malaita, New Georgia, Santa Isabel, and Vangunu confirm that Solomys, Uromys, and Rattus species all gnaw holes in Canarium nuts. However, the technique used and marks left by Rattus are profoundly different from those left by Solomys and Uromys rodents. Reliable methods to differentiate among the marks left by Rattus and Solomys and Uromys will be published in a subsequent paper. This method will provide a useful proxy for identifying where Uromys are active on Vangunu.
Zoogeography.-Description of U. vika fills an important gap in the zoogeography of Southwest Pacific mammals. Prior to this study, the Uromys of Guadalcanal had remained widely separated from their nearest congeners over 900 km away on New Britain Island (U. neobritannicus) and New Guinea (U. caudimaculatus -Flannery 1991 -Flannery , 1995a Lavery et al. 2016) . A fascinating division in the distribution of Solomon Islands rodents is now better illuminated. The northern arc of islands that formed Greater Bukida (Buka, Bougainville, Choiseul, and Isabel-Mayr and Diamond 2001) as well as Ugi Island (Fig. 1) This pattern may indicate poor sampling, with Solomys and Uromys yet to be documented on southern and northern island arcs, respectively. On Buka and Bougainville, Quaternary archaeological deposits have revealed the presence of a rich rodent fauna comprising 5 species from 2 genera (S. ponceleti, S. salebrosus, S. spriggsarum, M. bougainville, and M. spechti-Flannery and Wickler 1990) . Rodent inventories on similarly large islands are lower-Choiseul (3 species), Isabel (1 species), and the Western Province (1 species)-and 
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1527 therefore probably incomplete. Furthermore, evidence indicates Malaita and Makira support undescribed native rodents that could be Uromys or Solomys species (Ivens 1927; T. H. Lavery, pers. obs.) .
The secondary radiations of Uromys rodents on Guadalcanal and Solomys on Bougainville-Buka indicate their ancestors colonized islands lacking a rodent fauna. Colonists diversified into a range of large forms that occupied both terrestrial and arboreal niches and probably made successive colonization more difficult (Flannery and Wickler 1990; Flannery 1991) . Wider sampling and genetic analyses could reveal if Uromys and Solomys have colonized Solomon Islands along 2 separate pathways. For example, it is entirely possible that a Uromys ancestor was swept toward the Western Province and Guadalcanal from the Papuan Peninsula, aided by surface geostrophic currents (Cravatte et al. 2011) , whereas a Solomys ancestor was instead transported from further north arriving on Buka-Bougainville and spreading through Greater Bukida.
Molecular analyses have provided sufficient evidence for recognition of U. vika as a distinct taxon. However, poor preservation of the holotype limited our opportunities for more extensive sequencing. Although the mitochondrial gene 16S was readily sequenced, PCR reactions for nuclear genes were problematic or repeatedly unsuccessful. The discriminatory power of 16S for resolving phylogenetic structure is low among certain murines (2.5 times less variable than 2 other mitochondrial genes, Cytb and CO1- Nicolas et al. 2012) . Despite this low variability, divergence estimates were greater than 6% between Uromys specimens included in our analyses. In comparison, the greatest intraspecific 16S sequence divergences among a study of Praomyini Tribe murine rodents were 2.04% (Nicolas et al. 2012) . Thus, deeper phylogenetic relationships between U. vika and other Australo-Papuan rodents remain unresolved. Additional markers from the nuclear genome will better clarify the phylogenetic position of southwest Pacific Uromys and validate the status of Cyromys as a subgenus or full genus.
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